. Each method, however, presents some disadvantages. The accuracy of ground censuses, for example, tends to decrease as colony size increases, especially in complex landscapes where high relief may block sections of the colony from the observer's view. Aerial photography, which can resolve this problem, is on the other hand expensive and logistically complex, factors that in Antarctica have restricted its availability to regions with better developed support networks such as the Ross Sea (e.g., Taylor et al. 1990) .
In this paper, we describe the use of kites equipped with remote-controlled cameras to census Addlie Penguin colonies. Unlike other research facilities in the United States Ant-435 arctic Program, our study site in the western Antarctic Peninsula is not serviced or supported by aircraft, thus affording no opportunity to obtain aerial photography. Some of the area's largest penguin colonies are in addition difficult to census from the ground because high relief can limit the lines of sight. The method we discuss bridges an important gap between ground and aerial censuses, offering the opportunity to obtain better data for large or difficult to census colonies at a fraction of the cost of aerial surveys.
METHODS

Study Site
The 
Materials
Our objectives were to test the feasibility of using aerial photos of Addlie Penguin colonies taken from a kite equipped with a remote-controlled camera as an alternate census method. Although this is a previously unexplored application of kite-based aerial photography, national and international interest in this type of smallformat photography, primarily from hobbyists, has resulted in the availability of ready-to-purchase kits that vary in their complexity and capabilities. We obtained our materials from Mr. Brooks Leffler (P.O. Box 34, Pacific Grove, California, 93950, USA; internet, kyteman@aol.com), editor of the Aerial Eye, a quarterly publication devoted to kite aerial photography. The kit included the kite (FlowForm 16) and tail, camera (35 mm Nikon One Touch), a motorized camera cradle and radio receiver on a Picavet suspension system, and the transmitter control box required for remote operation of the camera and cradle. The kit and all accessories, including a hard carrying case and string-filled winder, cost approximately US $500.00.
Flight Methods and Conditions
The kite used was flown with two personnel, one of whom assisted the other by taking the kite downwind from the launch site so it could be properly positioned into the wind and inflated. The second person also proved useful in visually guiding the kite and its camera over the target colonies due to the distance and altitude that sometimes separated the camera from the individual flying the kite. Once airborne, the kite was held aloft at an elevation of approximately 20 m while the suspension system and camera were tested and attached to the kite line at ground level. This procedure permitted both initial assessment of wind conditions and kite stability prior to attaching the camera, and, if needed during the flight, allowed batteries or film to be exchanged by lowering the camera to the ground without interrupting the kite's flight and performance. It typically took less than 45 minutes to launch the kite and camera. During our trials, wind speeds varied between 10-60 km/h and air temperatures between -5.5 and 4.50C.
RESULTS
Kite Performance and Effects on Penguins
The kite remained stable and the camera produced relatively sharp photographs in wind speeds up to 50 km/h, but the general process of repositioning the kite and camera over the colonies proved easier at lower wind speeds, which also produced consistently sharper images. Wind speeds of 20-30 km/h appeared closer to optimal for our particular kite but, in retrospect, a kite design capable of generating equal or better lift at lower wind speeds (10-20 km/h) would have increased both the number of days when we could fly the kite and the number of hours within a day that the kite could be keep aloft. There were no apparent problems associated with changes in temperature, but based on tests performed at ground level, the speed and performance of the motorized components associated with the cradle improved above 00C.
These trials suggest that researchers contemplating the use of kites to census penguins would do well by developing a good understanding of wind patterns in the area of interest. This information is essential for kit manufacturers to match equipment more precisely with anticipated conditions. If this information is not available, we would suggest that at least two kites capable of flying in a range of wind speeds be taken into the field.
Reactions from penguins to the presence of a kite overhead varied with the height of the kite, but was generally ignored at altitudes in excess of 50 m. Below that height, birds occasionally stared at the kite, but we never observed any behaviors that indicated alarm, even at altitudes of 30 m, the mini-mum height flown during our experiments. The likely reason, which is admittedly speculative, is that unlike the behavior of avian predators, the kite tends to remain motionless. Its color (pale blue) is also barely distinguishable against the background.
Photography, Problems and Solutions
The most difficult problems we encountered, at least initially, were knowing where the camera was pointed relative to the position of the colonies and how large an area was covered by the photos. Because Palmer Station has full darkroom facilities, however, we were able to develop and print film as it was exposed, thus obtaining rapid feedback in terms of both detecting difficulties with our photography and finding solutions. The guidelines we discuss below, which were developed through these experiments, eliminated most of the problems we encountered. Although not having access to such facilities, for example in remote field camps, could conceivably be an important factor limiting the wider application of kite aerial photography for seabird censuses, in practice there is probably no reason why a digital camera could not replace the camera we used and completely eliminate the need for a darkroom.
Knowing where the camera was pointed, which was a problem compounded by altitude, was essential because we were primarily interested in obtaining flat, vertical images of the colonies with minimal side distortion, such as the image shown in Fig. 1 . Although with our equipment the position of the receiver's antenna provided some indication of where the camera was pointing, we found it more useful to use the alignment of two strips of bright yellow tape to determine the camera's position. One strip of tape was fixed to the front and side of the camera body, which rotates down with the bottom portion of the cradle, and the other strip was fixed to an adjacent, non-moving surface of the cradle. When the two pieces of tape were perfectly aligned as the camera rotated towards the ground, we knew the camera was pointed straight down. An unexpected benefit of this process was that differences in the alignment of the two pieces of tape also provided information about how much side distortion was likely to be present in photographs of colonies adjacent to the target colony. This in turn helped us evaluate whether it was worth taking the image without repositioning the kite, which increased our efficiency in the field. In most cases, and particularly at camera elevations in excess of about 50 m, we used binoculars to determine tape alignment.
The camera we used had a fixed focus, 35 mm wide-angle lens, hence the only determinant of the surface area covered in an image was the altitude of the camera. To eliminate as much error as possible in estimating the camera's altitude, and thus increasing the probabilities of precisely capturing the right areas in the rookeries, we stained the kite line with a permanent red dye at 50 m intervals. By experimenting in the field and the darkroom, we were able to determine the amount of surface area that was added to an image with each 50 m rise in elevation. Although wind speed and the angle of the kite line altered these relationships to some extent, logging the number of 50 m intervals that spooled off the winder provided us with a fairly accurate estimate of the surface area likely to be covered by the image. The ability to produce these estimates proved especially useful when trying to photograph large colonies (Fig. 2) or several smaller colonies in a  rookery (Fig. 3) . 
DISCUSSION
As Figures 1-3 demonstrate, kite photography offers an opportunity to obtain high resolution aerial images of penguin colonies at a fraction of the cost of more conventional methods. From a practical standpoint, however, kite aerial photography is probably not a substitute for ground censuses if the colonies involved are small (< 500 breeding pairs) and do not occupy complex landscapes. Under these conditions, ground censuses are probably the more efficient method of determining breeding population size. Where the colonies are large, on the other hand, such as the one shown in Fig. 2 which numbers in excess of 1,100 breeding pairs, kite aerial photography probably offers the best alternative for obtaining accurate annual censuses.
An additional use of kite aerial photography which we are exploring, and which has applications to studies of seabird ecology beyond our own work, is the development of accurate maps that use Global Information System (GIS) technologies to integrate landscape features with the scales (e.g., individuals, colonies, rookeries) that need to be addressed to investigate links between demography and environmental variability. 
